SUMMARY
INTRODUCTION

According to the definition by the World Health
Organization (WHO) infertility is the absence of conception despite one year of regular sexual intercourse of a sexually active couple without contraceptive protection (1) . Nearly 15% of couples fail to achieve conception in a 1 year period and present to receive treatment for infertility (2) . When reviewed, 55% of the reasons for infertility are found to be male-related and 35% to be female-related, while 10% constitutes infertility of unknown origin (3) . In approaching to an infertile couple, the first laboratory evaluation to be performed will normally be a semen analysis in the process of investigating the presence or absence a male-related infertility reason. We, in this review, aimed to discuss semen analysis, which is of major importance in evaluating an infertile couple, in all its aspects and taking the latest criteria into consideration.
SEMEN ANALYSIS AND INFERTILITY
Abnormal sperm analysis results are observed in the major part of the infertility associated with male factor. First assessment should have at least a properly performed semen analysis. If an abnormal result is encountered, other sampling should be performed after at least 4 weeks (4) . It should be noted that semen parameters may differ very seriously in time and that may show temporal and seasonal differences even in fertile males. Therefore, performing more than one examination in the evaluation of semen analysis is important with respect to increase the degree of accuracy. Presence of a normal semen analysis will often ensure an important male factor to be excluded if there is no complaint or suspicion concerning sexual dysfunction. In contrast, determination of abnormal semen analysis will require additional endocrinological, urological and genetic investigations.
COLLECTING SEMEN SAMPLE
It is important to have a certain standard method that is explained in detail for collecting semen. Thus a definite standardization will be ensured for evaluating the results of analysis, administering treatment protocols and making comparisons between individuals. Semen sample should be collected following at least a 2-day (2 to 7 days) sexual abstinence. To ensure standardization, a 3-4 days period of sexual abstinence will be appropriate. While short period of sexual abstinence causes decreases in the volume and density of semen, that of long causes increases in its volume, density and proportion of dead, immotile and morphologically abnormal sperms. Ideally, semen should be collected by masturbation in a sterile and dry, wide-rimmed, glass of plastic container with no previous spermicide toxicity. However, collection can also be performed during intercourse using specially produced plastic condoms (latex condoms affect the vitality and motility of sperms) containing no Collecting semen in an isolated, special environment within or near laboratory will be the most appropriate approach. It should be remembered that emotional stress and tension have negative effects on semen parameters particularly on volume, count and motility. (5) . Therefore, the importance of performing collection in an environment in which patient will feel comfortable and peaceful should always be kept in mind. If collection is considered to be more proper to be done at home, semen sample should be ensured to be transferred quickly while being kept at room or body temperature.
Semen sample taken in a way other than collecting method should be evaluated within an hour (4) . prostatic enzyme or inadequate prostate function (6) . In cases of no liquefaction or excess viscosity mechanical stirring (e.g., withdraw and release by a pipette or an injector) or dissolve in an enzyme (e.g., 1gr/l of bromelain or 0.5 cu/ml of plasmin) may be needed. It should be kept in mind that these practices may affect seminal plasma biochemistry and sperm motility and morphology (6) .
MACROSCOPIC ANALYSIS of SEMEN
c) Viscosity
Normal semen has a viscous texture. Increase in viscosity may occur due to hypofunction of vesicula seminalis. High viscosity may affect sperm motility and concentration. ‹ncrease in viscosity may reduce the success of intrauterine insemination (IUI) and in vitro fertilization (IVF). For evaluation, the sample is withdrawn into pipette and observed leaving the pipette drop by drop under the effect of gravity. In case of abnormal viscosity, the sample stretches like a thread.
If the elongation is more than 2 cm it is considered to be pathological. Evaluation of elongation may be performed by using a glass bar (7) .
d) Volume and pH of ejaculate
Normal ejaculate volume is expected to be between 1.5 and 5.0 ml (4) . In determining the volume, it is recommended to place the sample in a wide-rimmed container and use gravimetric method. Measuring the volume by aspiration is not recommended (0.3-0.9 ml of mismeasurement). Normal pH of semen is >7.2. hypoplastic. In this case, semen will be acidic (pH<7.2), small in volume and of a quality containing no or little fructose (8) . Again in ejaculatory duct obstruction, the quality of semen will be similar and fructose concentration will be reduced according to the level of obstruction. If ejaculatory ducts are bilaterally completely obstructed, semen will be acidic, and will contain no fructose or sperm (for it contains only prostatic secretion). Also in hypogonadal men, since the testicular androgen production is low, vesicula seminalis and prostate, both of which are stimulated by androgens, will not be able to produce adequately and ejaculate volume will be reduced. In the event that ejaculate volume is less than 1 ml and that factors such 
MICROSCOPIC ANALYSIS of SEMEN
In this examination sperm count and motility characteristics, morphological structure, presence or absence of agglutination, leukocyte and round cell staining and count, and, if necessary, vitality investigations are performed (5) . Furthermore, according to criteria defined by the WHO in 2010, sperm aggregation is determined by evaluation of binding of immotile sperms to motile or immotile sperms, mucus fibers, non-sperm cells and cellular wastes (9) . Once the semen is liquefied, examination of unstained wet preparations using phase-contrast optical system will be more advantageous. Through this initial examination, important information about the concentration and motility of sperm is obtained (5) .
a) Agglutination
This is a status in which motile sperms clump and stick together. Types of agglutinations may be in head-tohead-tail-to-tail or head-to-tail fashion. Presence of plurality of tail-to tail motile dimers may be suggestive of the presence of antisperm antibodies (5) . Who has defined four groups for the purpose of grading Normal values according to the WHO criteria defined in 2010 are stated as spermatozoa/ml: 15x106, total sperm count: 39x106 (9) .
If no sperm is seen in microscopic examination, a new fresh preparation is prepared. If again no sperm is seen, then azoospermia may be suspected. Semen sample is centrifuged at high speed ( (3000g/15 minutes), and concluded as criptozoospermia and azoospermia if and if not, respectively, sperm cells are detected. The incidence of azoospermia among all men is 1%, while it is 10-15 % in infertile men (11) . In new recommendations, use of fixed, non-centrifuged samples for evaluation and indicating the sensitivity of counting method are underlined. On the other hand, it has been emphasized that centrifuge methods are needed in sufficient cell collection for therapeutic methods and in postvasectomy semen evaluation (9) .
Sperm motility
Spermatozoon need to be actively motile to pass cervical According to WHO, progressively motile sperm rate of minimum 32% and total motile sperm rate of minimum 40% has been defined as normal (9) . and change in determined proportions (in 1999, fast progressive motility ≥ 25%, fast progressive + slow progressive motility ≥ 50%) forms the main differences (12) constitute main differences. Total motile sperm count (ejaculate volume x Concentration x proportion of progressively motile sperm) is an important parameter. In circumstances of total motile sperm count of < 5x106, treatment using techniques supporting reproduction will be a more appropriate approach (13) .
c) Sperm vitality
Vitality of sperms is defined by membrane integrity should definitely be performed (9) . In evaluation of sperm vitality, staining tests (Eosin Y, Eosin-nigrosin) and hypoosmotic swelling (HOS) test are performed.
According to the latest WHO criteria vitality of more than 58 in staining tests and HOS test has been determined as normal reference value (9) .
d) Differentiation of round cells and leukocytes
In semen, other than sperms, there are round cells such as epithelium and prostate cells, spermatogenic cells (immature germ cells) and leukocytes. In classical semen analysis, immature germ cells and leukocytes can easily be confused with each other. Leukocytes in ejaculate are specifically formed of neutrophills. In circumstances such as infection, reduction of ejaculate volume and sperm dysfunction due to oxidative stress there may be excess of leukocyte in semen. In normal semen leukocyte count must be < 1x 10 6 /ml. When the number of round cell in semen is > 1x 10 6 /ml, leukocyte diagnosis test may be performed. In determining leukocyte count, test for the presence of intracellular peroxidase and specific antigen tests are used. In the test based on intracellular peroxidase, leukocytes are stained in brown using benzidine and hydrogen peroxide added to the medium. Leukocytes are thus differentiated from other cells (14) .
e) Morphological evaluation
Two smears are prepared from semen sample and allowed to dry in the air. After that, these smear samples are fixed and stained (Papanicolaou, Shorr, Diff-Quick).
Then sperm morphology is evaluated microscopically at 1000X magnification. In normal sperm morphology, the head should be oval in shape and acrosome should constitute the 40-70% of the front part of the head. Vacuole number in head section should < 2 and vacuole should not be larger than 20% of the area occupied by the head. As for the tail section: the tail should not be broken or curved and should not rotate 360o (9, 12, 15) .
Normal reference values for sperm morphology are ≥ 4% in 2010 WHO criteria (9) , while are >3% in that of 1992 (16) . As for the 1999 WHO declaration, IVF success has been stated to be markedly reduced when normal sperm morphology is < 15% (12) . The reference value for normal sperm morphology determined by Kruger is > 14% (15) . 1999 vs. 2010 the WHO reference values for normal sperm morphology are given in Table I . (9, 12) .
NORMAL REFERENCE VALUES IN SEMEN ANALYSIS
Limits which we consider as normal reference values in semen analysis are values obtained based on the comparison of semen parameters in fertile and infertile couples (17) (18) (19) . On the other hand, it should be and require additional clinical and laboratory evaluations (4) . The importance of evaluating all parameters as a whole should always be remembered. For example, if semen volume, sperm motility and abnormal sperm ratios are at or within normal limits, slightly low sperm density would not be a very important issue. Among semen parameters, those that have the greatest effect on fertility are concentration, motility and morphology.
The risk in terms of fertility increases 2-3 fold if there is a problem related to one of these parameters, 5-7
fold if there is a problem in two and 16-fold if in all three (20) .
How to perform semen analysis has been determined in detail by the WHO through new regulations made over the years (9, 12, 16, 21) . Presently, however, methodology and reliability of semen analyses performed in many centers show marked differences.
What is recommended is to perform semen analysis in laboratories with certain standards confirmed by quality control programs (eg., Clinical Laboratory Improvement Amendments CLIA;
www.hcfa.gov/medicaid/clia/cliahome.htm) (22) . The WHO has published new reference values for semen parameters in 2010 (9) . In Table II , the most recent normal reference values for semen analysis published by the WHO are given in comparison with those published in (9, 12) . 
CONCLUSION
In approaching to an infertile couple, semen analysis appears to be the most essential first-to-be-done laboratory test for investigating the presence or absence of a male-related factor. To provide a more correct result, semen analysis should include the evaluation of at least two samples taken at four weeks interval.
In terms of standardization and obtaining proper results, the importance of complying with the necessary sexual abstinence time and collection conditions should be appreciated. It should be noted that evaluation should be performed by specially trained relevant people in centers that meet certain conditions. An analysis performed in compliance with standards and concluded objectively using criteria set forth by the WHO shall play an important role in the process in which clinicians determine the route they will follow in terms of treatment. For reaching this result, this review provides Immunobead test (test positive motile spermatozoaa, %) < 50 < 50
